To survey the details of skin care practices in a sample of level I, II, and III nurseries in the United States.
The skin of an infant differs from adult skin in several ways. The thickness of infant skin is 40% to 60% of adult skin. Attenuated rete ridges provide comparatively limited surface attachment to an immature dermis. An infant's ratio of body surface area to weight is up to five times that of an adult.
1,2 These important differences place infants at increased risk for skin damage, percutaneous infection, and toxicity from topically applied agents. The most clinically significant difference between the skin of a premature and term infant is in the structure of the stratum corneum. Infants born before 32 weeks' gestation have a very thin stratum corneum. 1, 3 During the first 2 weeks of life, these infants suffer from significant insensible transepidermal water loss (TEWL) with associated thermal instability, fluid, and electrolyte disturbances. 1, 4 A variety of seemingly benign clinical interventions can dramatically increase these losses. Desiccated skin is even more easily injured, providing a portal of entry for invading microbes and increasing the risk of disseminated infection. [3] [4] [5] [6] [7] A premature infant's diminished metabolic capacity and decreased immune responses compound the problem. Pioneering work has been done in the field of skin development and skin care of the premature infant, 8 but a standard for optimized care for neonatal skin is yet to be defined. This study was designed to identify current skin care practices in hospital nurseries along with their costs, risks, and benefits.
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integrity, bathing, treatment of intravenous infiltration, and skin care for the very low birth weight, Ͻ1000-gm infant. Bathing of the normal term infants in all four LR nurseries took place on the first day either when the infant was stable or the core temperature was 98. 6 O F. "Stable" was defined as an infant with no complications who was feeding well and in no distress. In 11 of 11, HR nurseries criteria for the first bath was the same, often delayed up to several days. In 8 of 11, HR nurseries baths were given two to three times per week, whereas the bathing interval was on an as-needed basis in 3 of 11. Cleansing products varied little. Nine of 15 nurseries Table 1 for more detailed information.)
Three nurseries at two hospitals in the same city (1 LR and 2 HR) used cloth diapers. Two different professional laundries serviced these nurseries. Managers of these companies provided sparse information on the ingredients of the laundering products used to process diapers; phenolic compounds were not among them. Disposable diapers were used in the other 12 nurseries. The brand most often used, in eight nurseries, was Pampers (Proctor & Gamble, Cincinnati, OH). Three of 15 nurseries used Huggies (Kimberly-Clark Corp., Neenah, WI). One level III nursery used both brands. Two level II nurseries used Wee Pee diapers (Children's Medical Venture, South Weymouth, MA), tailored for very low birth weight infants.
All 15 nurseries used povidone-iodine for antimicrobial skin preparation. Two of 4 LR and 6 of 11 HR nurseries used alcohol wipes in addition to this. No other products were used for this purpose.
Among the HR nurseries that treated the signs of extravasated intravenous fluids, seven used Wydase injectable (Wyeth Labs, Philadelphia, PA). One used dual therapy with topical application of Elase ointment immediately followed by topical application of Neosporin Plus Maximum Strength ointment (see Table 1 ).
Treatment of diaper rash varied widely. The most popular diaper rash product used was Desitin. First-line products for LR nurseries included Desitin, A&D ointment, and Balmex. Second-line products required a physician's order. The HR nurseries used the following first-line products: Desitin, "Dr. Danis' Buttocks Cream," Super Dooper Diaper Doo, zinc oxide ointment, Proshield, and Aloe Vesta. Four of these nurseries used nystatin ointment for their first-line product if a yeast infection was suspected. One used either nystatin ointment or cream. Second-line products for these nurseries included Desitin, Critic-Aid, Dyprotex, Ilex, A&D ointment, Balmex, Aquaphor, or Aquaphor Natural Healing ointment. In two nurseries, similar custom-compounded preparations were routinely used: cholestyramine liquid compounded with Aquaphor and "Happy Hiney"(see Table 1 ).
The use of moisture barriers to help control transcutaneous insensible water loss in premature infants varied widely in HR nurseries, with more than one practice used in every nursery. Open radiant warmer beds were used in all 11 HR nurseries for critically ill infants. Ten of 11 nurseries used a commercially available plastic food wrap as a cover over the infant's bed, supported to avoid contact with the infant's skin. Four nurseries in separate states used Saran Wrap (Dow Brands L.P., Indianapolis, IN). Four nurseries in the same city used the generic brand Anchor Purity Wrap (Anchor Packaging, Senton, MO). Other nurseries stocked different generic brands of plastic wrap: Borden Seal Wrap (Burrows, Wheeling, IL), and Baxter Dietary Food Wrap (Baxter Co., Glendale, CA). Another approach, used in three nurseries, was the use of a plastic bubble wrap blanket placed directly on the infant. A commercially available plastic tent marketed for oxygen/aerosol delivery (Nova Health Systems, Blackwood, NJ) was used in one nursery, sometimes with additional humidified air. The added air was not prewarmed on a routine basis. One nursery used a rigid plastic "windshield" custom designed by a neonatologist at that hospital. Four nurseries used an isolette rather than a warmer bed in some instances. One utilized a plastic food wrap blanket on infants housed in isolettes. Five nurseries used Aquaphor either alone or in addition to the above practices. Of these, it was applied on an asneeded basis in two nurseries. In one nursery, the ointment was applied routinely every 12 hours, in one every 6 hours, and in one once a day. In one nursery, cases were treated with application of Omniderm dressing (Omikron Scientific Ltd., Rehovot, Israel).
Most nurseries did not routinely provide skin care recommendations at discharge. One nursery that did not practice routine use of emollients on its patients recommended that, after 2 weeks, parents use a lotion emollient on their baby and specifically avoid oil emollients.
DISCUSSION
This study was conducted to evaluate skin care practices in a cross section of hospital nurseries. The number of sites was small, and allowed for very detailed information to be gathered with accuracy. In this sample there were very few uniform skin care practices. Only two individual maneuvers were consistently performed in all the nurseries: bathing and skin antisepsis with povidone-iodine.
The routine use of povidone-iodine is a practice that deserves further consideration. Adverse effects of topically applied iodine antiseptics in infants have been recognized for at least 20 years. 9 Skin necrosis has been documented by case report and occurs most likely when an excess amount of solution is left in contact with the skin for a prolonged period. 10 Exposure to iodine in the perinatal or neonatal period has been associated with dramatic, prolonged elevation in plasma and urinary iodine, transient hypothyroxinemia, hypothyroidism, and goiter. 9, 11, 12 "Idiopathic" transient hypothyroxinemia has been estimated to occur in 50% of preterm infants delivered before 30 weeks' gestation, 13 although reference ranges for thyroid function tests of premature infants have been established without regard to iodine exposure. 14 Transient hypothyroxinemia has been regarded as a benign condition that does not require treatment. However, a historical cohort study documented a 4-to 10-fold increase in the risk of disabling cerebral palsy in premature infants with this condition. 15 Although the long-term risks of topical povidone-iodine have not been defined, there is a safer and more effective alternative for skin antisepsis. 16 Chlorhexidine gluconate, 0.5%, is superior to 10% povidone-iodine in reducing the risk of peripheral intravenous catheter colonization. 17 Chlorhexidine has broad-spectrum activity against Gram-positive and Gram-negative bacteria and yeast, 18 and it strongly binds to skin. 19, 20 This substantivity enhances the efficacy of chlorhexidine and minimizes the risk of percutaneous absorption. 16, 19 Detectable, increasing plasma chlorhexidine levels were documented in preterm infants treated with 1% chlorhexidine in an unspecified concentration of ethanol every 4 hours for 5 to 9 days, but significant absorption was not demonstrated in a similar group of infants treated with 1% chlorhexidine in 3% zinc oxide dusting powder, supporting the role of alcohols in facilitating percutaneous absorption. 21 No toxic systemic effects have been attributed to chlorhexidine alone, 16 even after massive ingestion (Zenca Pharmaceuticals, Wilmington, DE, personal communication). It is also rapid-acting and has low allergenic potential even with prolonged contact. 19 The chlorhexidine-containing product ideally suited for infants is not commercially available in the United States. Hibistat (Zenca Pharmaceuticals) contains 0.5% chlorhexidine and 70% isopropyl alcohol. Hibiclens (Zenca Pharmaceuticals) and Betasept (Xttrium Laboratories, Chicago, IL) contain 4% chlorhexidine and 4% isopropyl alcohol. These formulations also contain proprietary agents: pluronics, fragrance, and red dye. Pluronics are added solely to promote lathering and can cause serious corneal damage. In addition to enhancing the absorption of the active ingredient, alcohols may also cause skin necrosis and are highly absorbed, with their own associated toxicities: hypoglycemia and central nervous system depression. 10, 21 The risks and benefits of routine skin antisepsis in infants is a subject that clearly deserves further investigation. However, Hibiclens or Betasept are currently the best available choices when skin antisepsis is indicated.
None of the nurseries surveyed used antimicrobial cleansing agents for routine bathing. Hexachlorophene was widely used for this purpose before 1975 and was subsequently associated with serious adverse reactions in infants, including fatal neurotoxicity. 16 Cleansing agents for bathing varied little among the nurseries surveyed. Johnson & Johnson Baby Bath was the most popular product, reflecting the power of advertising. Surfactants are the active ingredients in most cleansing products; all surfactants are at least mild irritants. 22 Those marketed specifically for babies offer no special advantage over generic mild cleansing agents. 23, 24 Because these products are immediately rinsed off, their potential for epi-or percutaneous toxicity is very low. Regarding bathing water, at least one hospitalized term infant suffered second degree burns after immersion in hot water tested only by touch, emphasizing the need for more careful monitoring of bath water temperature. 25 Antimicrobial cord care regimens were popularized to control nursery epidemics of localized and invasive streptococcal and staphylococcal infections. A wide variety of products and application schedules are currently practiced. Prospective, controlled comparative outcome studies are lacking on the safety and efficacy of these practices. Clearly, bacterial colonization is controlled with antiseptic cord care; chlorhexidine is superior to 70% ethanol, 26 hexachlorophene, 27 and povidone-iodine. 28 Triple dye is superior to bacitracin ointment, 29 hexachlorophene, 30 or isopropyl alcohol alone. 31 Cord care with chlorhexidine, occlusive ointments, or dressings has been associated with delayed cord detachment, a potential nidus for additional medical care. 27 The risks of cutaneous exposure to alcohols, povidone-iodine, and phenolic compounds has been discussed. As for triple dye, the formulation contains brilliant green, gentian violet, and proflavine hemisulfate. These agents all have antimicrobial activity, but efficacies have not been well-studied. While triple dye does control staphylococcal colonization of the umbilical stump, it is ineffective against group B streptococcal organisms. 32 Gentian violet is effective against some pathogenic Candida species as well. 33, 34 Reported toxicities have been rare, including necrotic skin reactions following the use of brilliant green. 33 Gentian violet is infamous for deep purple staining of the skin, which is rarely permanent. Prolonged use of gentian violet has been associated with nausea, vomiting, diarrhea, and ulceration of mucus membranes, 33 and carcinogenicity in mice has been reported. 35 However, this compound has enjoyed decades of widespread use with very few reported adverse events. Proflavine hemisulfate is a mutagenic photoactive aminoacridine. 2, 25 One nursery routinely delayed application of triple dye until after a negative Coombs test was verified, because they "didn't want anything to interfere with the test." However, a detailed literature search did not yield data to support this concern. While there is insufficient comparative data on the costs, risks, and benefits of antiseptic cord care regimens to recommend standard care, the use of alcohol pledgets alone provides the least effective antimicrobial activity, whereas occlusive ointments delay cord separation. Both hexachlorophene and povidone-iodine carry the risks of percutaneous toxicity.
The two different laundering services used by three nurseries that used cloth diapers specifically avoided phenolic compounds. Phenol is effectively absorbed by inhalation, skin exposure, or ingestion. Systemic toxicities have been well-documented in the general population 36 and in infants, including an epidemic of percutaneous poisoning and death associated with the use of a laundry product containing pentachlorophenol in a hospital nursery. 16, 37 The first disposable diapers were marketed in 1963. The absorbent core was originally composed primarily of cellulose fluff. In the mid-1980s, a superabsorbent core material was developed, containing a cross-linked sodium polyacrylate. This material, contained in all "superabsorbent" diapers, holds fluid within a gel, and can absorb many times its own weight. Superabsorbent diapers are clearly superior to cloth diapers in preventing irritant diaper dermatitis. 38 Diaper dermatitis is uncommon within the first month of life. A more important issue in the neonatal nursery is the effect of diaper type on documentation of urine output. Urine output, monitored by weighing diapers, is diminished by evaporation from diapers left open under a radiant warmer. Evaporative loss is greater from a fluff-type than a superabsorbent diaper. 39 "Pseudoanuria" in an infant, has been reported resulting from inability to feel moisture on a superabsorbent diaper. 40 Selection of topical emollients and diaper rash products had the greatest variation of all skin care practices among the nurseries surveyed, encompassing 22 different products. Many of these contain similar ingredients; a few are important to keep in mind with regard to potential percutaneous toxicities, especially when applied to the diaper area of an infant. A damp diaper with a plastic coating acts as an occlusive dressing, enhancing the risk of local irritation as well as percutaneous absorption. This relative risk is increased in infants with their two-to fivefold greater ratio of body surface area to weight, and cumulative in preterm infants with immature skin. There are no regulations that require disclosure of the inactive ingredients in overthe-counter products. A painstaking mission to obtain this proprietary information yielded the extensive list of ingredients in Table 1 along with  their associated toxicities (Table 2 ) and potential toxicities (Table 3) .
There have been numerous reports of devastating systemic side effects in infants caused by absorption of topically applied agents. 16, 41 Published accounts have served to document only the most severe toxicities-in some cases manifest as nursery epidemics of obvious Scabicide Neurotoxicity Salicylic acid 37, 71 Keratolytic emollient Metabolic acidosis, salicylism Isopropyl alcohol (under occlusion) 16 
Topical antiseptic
Cutaneous hemorrhagic necrosis Silver sulfadiazine 72 Topical antibiotic (Silvadene) Kernicterus (sulfa component), argyria (silver component) Urea 73 Exfoliant emollient (Carmol) Uremia Povidine iodine 16, 37 Topical antiseptic (Betadine) Hypothyroidism, goiter Neomycin 16 
Topical antibiotic
Neural deafness Corticosteroids 16, 37 Topical antiinflammatory (Lotrisone) Skin atrophy, adrenal supression Benzocaine 74 Mucosal anesthetic (teething products) Methemoglobinemia* Prilocaine 75, 76 Epidermal anesthetic (EMLA) Methemoglobinemia* Methylene blue 77 
Dye
Methemoglobinemia* clinical signs or deaths (Table 2 ). In 1998, the infamous compounds are scarce in topical products. However, several ingredients in overthe-counter preparations may have under-appreciated toxicities. 42 The potential for subclinical or insidious toxicities must be considered by everyone caring for small newborns (Table 3) . The wide range of products used encompassed a 150-fold variation in monetary cost as well. Even without considering this, we believe that the safest and most effective product for use as an emollient is white petrolatum and the best initial choice for diaper dermatitis is zinc oxide ointment. Antithetically, these products are also available for the lowest price.
Nine of 11 HR nurseries identified a routine approach to sites of skin injured by extravasated intravenous fluid, including the use of Wydase. This highly purified bovine testicular hyaluronidase has been available for three decades, most often to enhance diffusion of locally injected ophthalmologic anesthetics. The treatment of extravasation injuries in infants has been anecdotally reported. Hyaluronic acid is a major component of the dermal matrix, with a higher proportion in fetal than adult skin. It may play an important role in the scarless wound healing that has been observed following fetal surgery. [43] [44] [45] [46] Hyaluronidase degrades hyaluronic acid at its glucosaminic bond. This temporarily decreases the viscosity of the extracellular cement, allowing diffusion of localized transudates or exudates and facilitating their absorption. 47 Potential heightened risks for neonates include coincident diffusion of infected fluids and ultimately intensified scarring. Subcutaneous administration of bovine hyaluronidase has also been associated with immediate hypersensitivity reactions. 48, 49 Wydase is delivered in a saline solution that contains 0.04% calcium chloride and 0.01% thimerosal. Subcutaneously injected calcium salts can be intensely irritating; calcinosis cutis and skin sloughing are wellknown complications of calcium gluconate infusion in infants. 50 Thimerosal (methionate) is an organic mercury derivative that has been associated with a variety of toxic and allergic reactions. 34, 51 The potential acute and long-term toxicities must be considered when deciding if and when to use Wydase. Other approaches with less potential toxicity deserve further investigation. These include application of warm compresses for noncaustic extravasates and, for extravasation of caustic fluids, subcutaneous injection of saline with or without cool compresses.
Several alternatives are used to control thermal and fluid instability in small premature infants. Enclosed isolettes, used in 5 of 11 HR nurseries surveyed, limit convective heat loss and can maintain high ambient humidity. However, this type of unit limits easy access to patients. Although an increased incidence of infection has not been documented for infants housed in isolettes, this environment is optimal for contamination with pathogenic bacteria, especially in the setting of high humidity. 52 The most common approach, practiced in 10 of 11 HR nurseries surveyed, was to stretch commercially available plastic wrap over the side walls of open radiant warmer beds. There is limited data on the safety and efficacy of this practice. A few reports have documented that blanketing an infant with a thin, pliable clear plastic wrap reduces insensible water loss and warmer power demand. 53 In comparison, a plastic blanket is far superior to a rigid plastic hood with respect to these parameters. 54 Many adaptations to these reported techniques are currently employed. A wide variety of products and materials are used in diverse ways. Most of these products are not manufactured or indicated for this purpose, raising several concerns, including inconsistent composition, uncertain shelf life, the possibility of degradation with prolonged exposure to heat, and the possibility of significant infrared absorption.
The majority of plastic wraps used in the nursery are manufactured for food storage. Their composition varies. Saran Wrap is polyvinylidone chloride sheeting. Anchor Wrap is a similar product but not identical to polyvinyl chloride. The composition of other generic plastic food wraps may vary. Food wraps are specifically made for use with cold storage and have not been tested for stability after prolonged heating. The rigid plastic hood-type device used in one nursery was custom made. A similar item, made of "special formulation vinyl," polyvinyl chloride of consistent composition, is commercially available (Baby Shield; Nova Health Systems). The prepackaged aerosol tent used by one nursery for this off-label purpose is also manufactured by Nova Health Systems. This line of tents is specifically marketed for oxygen/aerosol delivery rather than thermal control. They are made from polyvinyl chloride of variable composition and weight. In three nurseries, generic bubble wrap was used as a blanket, a practice introduced in 1971. 55 Two studies documented the effects of this practice. 55, 56 Neither was in the setting of an open radiant warmer bed. Plastic bubble wrap is generically manufactured and distributed as packing material; it's composition is variable and proven impossible to reliably identify. A plastic that is translucent or opaque to infrared will acutely block heat transmission from an overhead source. Plastics that retain heat have the potential to burn contacted skin. 52 Clearly, the use of these techniques to control thermal and fluid losses in small premature infants deserves further study.
Another strategy to limit TEWL is the topical application of an occlusive dressing. Empiric use of these products was initially limited by concerns about potential risks of systemic absorption and resulting toxicity, overgrowth of microbes, and secondary heat accumulation that could increase surface and core temperature. Several studies have verified the safety and efficacy of semiocclusive, polyurethane membrane barriers in preventing fluid losses from preterm infants nursed under radiant warmers. [57] [58] [59] [60] However, these products are expensive and technically difficult to apply. If removed prematurely, adhesivebacked products can strip off epidermis, defeating its purpose.
Pure white petrolatum is an unpopular product because of it's greasy texture. Misconceptions are held by some nursery staff about "side effects," e.g., not allowing the skin to "breathe" and causing burns if applied to infants under phototherapy or radiant warmers. Among the many studies of the mechanism of action and benefits of emollients on injured and diseased skin in adults, white petroleum is regarded as the gold standard. 61 It acts primarily by trapping water in the epidermis. 61 Appropriate hydration of keratinocytes is essential for normal skin maturation, 62 an optimized barrier against exogenous assault and maintenance of thermal, fluid, and electrolyte balance.
Oils, oil-and water-based creams, and lotion emollients have greater tactile acceptance than greasy ointments. Some oils, such as safflower oil, contain essential fatty acids, which greatly influence cutaneous structure and function. 63, 64 However, safflower oil does not prevent essential fatty acid deficiency in preterm infants. 65 Compared with ointments, oils, creams, and lotions provide a much less effective moisture barrier. 66 In addition, formulation of a cream or lotion emulsion requires the addition of several potentially irritating or toxic ingredients.
Eucerin Creme is a popular product that has been studied for use in the nursery. 66 It contains water, petrolatum, mineral oil, ceresin, lanolin alcohol, and methylchloroisothiazolinone/methylisothiazolinone (CMI/MI), also known as Kathon CG. While susceptibility of premature infants to allergic contact sensitization is unknown, CMI/MI has been associated with allergic contact sensitization in up to 10% of exposed adults and is a common sensitizer in children. 67 Aquaphor ointment is a petroleum wax-based emollient that contains essentially two ingredients: white petrolatum, in ointment, liquid (mineral oil), and solid (mineral wax) phases, and wool wax alcohol. A recent study documented a 67% decrease in TEWL 30 minutes after application of Aquaphor to premature infants Ͻ33 weeks' gestation during the first 2 weeks of life. Six hours after application, TEWL was only decreased by 34%, implying that a 6-hour application interval is needed to maintain the effect. 8 Routine application also improved skin integrity, did not alter skin flora, and was associated with a significant reduction the incidence of sepsis. There were no adverse effects reported. Measured skin surface temperature was stable and there was no evidence of hyperthermia or burns following application of the petroleum-based ointment under infrared warmers, even for infants receiving concomitant white light phototherapy, confirming the results of a previous pilot study. 68 Water-soluble agents are more easily miscible in Aquaphor than white petrolatum alone. In the future this may allow compounding of pharmacologically active agents.
Increased understanding of the mechanisms contributing to skin development may one day provide therapy to accelerate barrier maturation in very premature infants. Prolonged maintenance in a fluid environment would be an alternate approach. Until that time, therapy should be directed toward providing a safe, temporary barrier and minimizing additional skin injury while allowing easy access and handling of infants. Efforts should be directed at creating a well defined and uniformly accepted standard of care for the skin of premature infants.
